The effect of lean production on conditions for learning is debated. This study aimed to investigate how tools inspired by lean production (standardization, resource reduction, visual monitoring, housekeeping, value flow analysis) were associated with an innovative learning climate and with collective dispersion of ideas in organizations, and whether decision latitude contributed to these associations. A questionnaire was sent out to employees in public, private, production and service organizations (n = 4442). Multilevel linear regression analyses were used. Use of lean tools and decision latitude were positively associated with an innovative learning climate and collective dispersion of ideas. A low degree of decision latitude was a modifier in the association to collective dispersion of ideas. Lean tools enable shared understanding and collective spreading of ideas, needed for the development of work processes, especially when decision latitude is low. Value flow analysis played a pivotal role in the associations.
Introduction
Lean is a production system that claims to create learning organizations through continuous improvements (Liker & Meier, 2006) . Aspects of lean production are common in all sectors, in Sweden (Johansson & Abrahamsson, 2009 ) as well as in other European countries (Arundel et al., 2007; Radnor et al., 2012) . However, there is an ongoing debate concerning its effect on learning, possibly due to the many different ways of interpreting and operationalizing lean production (Pettersen, 2009; Westgaard & Winkel, 2010) ; Hasle, 2011; Brännmark, Langstrand, Johansson, Halvarsson, Abrahamsson & Winkel, 2012; Hasle, Bojesen, Langaa Jensen & Bramming, 2012) . As lean production can be defined in many ways (Pettersen, 2009) , its effect on learning might depend on what is implemented -for instance, if tools such as standardization and visual monitoring can be considered aids for time-consuming routine tasks, or if they are to be seen as means of control. Depending on how new working methods are implemented, organizational changes aimed at reducing variation and waste, such as lean production, may affect employee experience of the work environment and conditions for learning (Adler & Borys 1996) . Changes and formalization of the work process can be coercive, characterized by forced compliance, introduction of rules, and focus on technical and financial methods; or they can be enabling, encouraging employee involvement in problem solving, and stressing learning and innovation (Adler & Borys 1996; Eklund, 2000) .
Lean production operates by reducing unnecessary variation and steps in the work process, and consists of a set of operational tools and a strategic or philosophical part (Shah & Ward, 2001 ). The philosophical level concerns how to understand value (what is needed and wanted by the customer or client) and how the work process can be improved by removing steps without value (Womack & Jones, 1996; Womack, Jones & Roos, 2007) . Lean production tools are often implemented in order to eliminate non-value-adding activities and 4 reduce variability in the work process, without considering the lean production philosophy (Shah & Ward, 2001; Radnor, Holweg & Waring, 2012; Joosten, Bongers, & Janssen, 2009; Mazzocato, Savage, Brommels, Aronsson & Thor, 2010) . It is often argued that failure to consider the holistic, process view of lean production and the socio-technical aspects of the interaction between human behaviour and operational tools leads to restricted success (Liker & Morgan, 2006; Joosten et al., 2009; Mazzocato et al., 2010; Radnor et al., 2012) . If aspects of lean production is combined with socio-technical thinking, where the social as well as the technical system of the organization are considered and aspects such as work content and variation, learning, decision making, recognition and coherence are acknowledged (Thorsrud & Emery, 1969) , this may have beneficial effects on the work environment (Seppälä & Klemola, 2004) .
Improvement strategies and just-in-time practices (i.e. producing and delivering the right items at the right time in the right amounts) are the aspects most frequently mentioned in studies on lean implementations (Womack & Jones, 1990) (Pettersen, 2009 ). Tools such as value flow analysis, resource reduction, standardization, and housekeeping (5s) are also common (Pettersen, 2009; Brännmark et al., 2012) . The standardization of processes aims to provide a standard on which to improve, and to facilitate involvement in problem solving and improvement by freeing up time for new thinking (Liker & Meier, 2006) . Resource reduction (i.e. reducing set-up time, lead time, inventories and buffers) aims to reveal problems in the work process and facilitate just-in-time production (Liker & Morgan, 2006) . Value flow analysis, mapping or flow-charting the operations, identifies the specific actions required to bring a specific product through the entire work process and reduce the steps that create no value (Womack & Jones, 1996) . Visual control and monitoring (e.g. posting results on displays and notice boards) provides information on how work is going and how it should be done, in order to facilitate standardization as well as communication, cooperation and 5 participation within the work group (Liker & Meier, 2006) . Housekeeping, or 5S (i.e. sorting out what is wasteful, straightening up and putting in its right place, shining and keeping tidy, standardizing, and sustaining this housekeeping process), is a way of maintaining visual control, standardizing and facilitating communication and participation in the work process (Liker & Meier, 2006; Liker & Morgan, 2006 ).
Innovative learning climate and collective dispersion of ideas
It is possible to identify potentially positive as well as negative effects of lean production on innovative learning (Ellström, 2001) . Innovative learning can occur when established definitions of problems or mutual goals are questioned, discussed and analysed (Engeström, 2001) . In order to enable innovative learning it must be possible to question current work practice, test new ideas and collectively explore problems and improvements, and also to share and spread ideas, both within and between units within the organization (Crossan, Lane & White, 1999; Ellström, 2010) , and changes in production processes needs to be accompanied by a climate in which employees are encouraged to discuss problems and think new (Baer & Frese, 2003) . Participation in problem solving and development are important conditions for learning new at work. Standardized work tasks and clear feedback might enable participation, but too strict standardization and goal-setting may also stifle innovative learning (Adler & Borys, 1996; Ellström, 2001) . In organizations working with lean production, participation in decision making, employee involvement and opportunities for learning and reflection can be reduced by high performance pressure, precise standards and intensified work pace and demands (Landsbergis, 1999; Parker, 2003; Sprigg & Jackson 2006; Lorenz & Valeyre, 2005) .
However, routinization of tasks can also free up time for learning and innovation (Ohly, Sonnentag & Pluntke, 2006) . According to the literature promoting lean production, 6 time for creativity and innovation in the work process can be achieved by standardizing work tasks and making the best practice of today visible for all. Individuals' ideas and improvements on that standard can then be dispersed and benefit the entire organization (Liker & Meier, 2006) . Innovative learning has however been found less likely in lean organizations, possibly due to increased standardization, production pressure, and a reduced level of discretion in problem solving (Lewis, 2002; Arundel, Lorenz, Lundvall, & Valeyre, 2007) .
It has been suggested that Sweden, due to a strong history of socio-technical traditions (Johansson & Abrahamsson, 2009 ) and an emphasis on decision latitude in work organization (Arundel et al., 2007) , use a "Scandinavian" model of lean production which could involve a more participative lean organization (Säppäla & Klemola, 2004; Brännmark & Eklund, 2013) .
Decision latitude -the authority over decisions, the breadth of skill usable on the job, and opportunities to develop skills -is an important part of everyday work (Karasek & Theorell, 1990 ). Decision latitude is an important condition for learning and reflection (Karasek & Theorell, 1990; Ellström, 2001) , especially when work pace and demands are intensified (van Ruysseveldt & van Dijke, 2011) , and is important for innovation and initiative (Ohly et al., 2006) . A high degree of decision latitude at work is a job resource that enables employees to take advantage of an innovative learning climate at work (Fagerlind, Gustavsson, Johansson & Ekberg, 2013) .
Hypothesis 1: the use of lean production tools is positively associated with an innovative learning climate and collective dispersion of ideas in organizations. 
Method
Twelve organizations were invited to participate in the study. Ten public and private Swedish organizations agreed to participate, and employees filled in a questionnaire during working hours. The organizations were four municipalities (one entire organization and parts of three others), parts of a county council, a private production company and a private care company, and three governmental organizations. A questionnaire was sent out to a total of 8340 employees, and n = 4904 were returned, giving a response rate of 58%. Only subordinates were included in the present analyses (n = 4442, response rate 56%), as work conditions within the same organization can differ between managers and employees (Lundqvist, Reineholm, Gustavsson & Ekberg, 2013) . The organization and department to which each individual belonged was coded, making it possible to follow the respondents in each organization and work group, and to control for the potential bias of differences in organizations and departments. Respondents worked within 70 departments nested within the ten organizations. The majority of the respondents (64%) were women, and 44% had a university education (Table 1 ). The respondents (mean age 47 years) were older than the nonresponders (mean age 46 years) (p = .01) but there was no statistically significant difference between responders and non-responders (p = 0.49) concerning gender. The response-rate varied between the organizations, from 76% (in the Government authority) to 48% (in the County council). The use of tools inspired by lean production was measured by five items (standardized work practice, visual control, housekeeping (5S), value stream mapping, and resource reduction). A sixth alternative "do not know" was possible, and categorized as missing. Responses were given on a five-point scale, and a mean score was calculated. An index was created, internal consistency Cronbach's α = .77 (n = 3014).
Innovative learning climate was measured by six items (e.g. It is easy to obtain sufficient resources if we want to try out new ideas; We have opportunities to try out new ideas with uncertain outcome). Responses were given on a five-point scale and a mean score was calculated. The internal consistency of the scale was Cronbach's α = .86 (n = 4262).
Collective dispersion of ideas within and between units/departments in the organizations was measured by five items (e.g. At our workplace we openly discuss how we can handle the difficulties we encounter at work. How well do new solutions and improvements spread within the unit/department/ to other units/departments?). Responses were given on a five-point scale and a mean score was calculated. Internal consistency of the scale: Cronbach's α = .81 (n = 4241). (Karasek & Theorell, 1990; Sanne, Torp, Mykletun, & Dahl, 2005) . For both scales, answers were given on a four-point scale. Internal consistency: decision latitude
Cronbach's α .67 (n = 4355), psychological demands α .79 (n = 4304).
Age, education (primary, secondary, university level) and gender were considered possible confounders at the individual level.
Analysis
Mean differences between organizations were assessed by analysis of variance. Differences between respondents and non-respondents concerning age and gender were assessed with chisquared test and analysis of variance. Missing items in a scale were replaced according to the convention of the SF-36 questionnaire (Ware, Snow, Kosinski, & Gandek, 1993 ): a total score was calculated for a person if at least half of the questions of the scale were answered. The missing items were given the average score of the other items in the scale.
The primary outcome variables, (1) innovative learning climate and (2) collective dispersion of ideas, were analysed with multilevel linear regression with random intercept and fixed variables using mixed (STATA13). A three-level random intercept regression model was used to account for the hierarchical nature of the data considering individuals at first level, departments at second level, and organizations at third level. All other explanatory levels were measured on the individual level and analysed as fixed variables.
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All models included a random intercept to account for clustering effects within department and organization (Snijders & Bosker, 2012) . The analyses were adjusted successively as follows: 1) Empty model without covariates to estimate intra-organization and intra-department correlations (ICC), 2) Model I: inclusion of lean tool index, age, gender and education, and 3) Model II: addition of decision latitude and psychological demands. In addition, the associations between separate lean tool items and an innovative learning climate/a collective dispersion of ideas were investigated using multilevel linear regressions adjusted for age, gender and educational level. In order to investigate a possible interaction between decision latitude and the use of lean tools, effect modification analysis was performed by adding the appropriate interaction term to the adjusted multilevel regression model. The interaction analysis between decision latitude and the use of lean tools was tested by using the likelihood ratio test to compare the models that excluded and included the interaction parameter.
All psychosocial scales used as predictors in the regression analysis were standardized with mean zero and standard deviation one in the study population for the purpose of comparability. All tests were performed two-sided at p <0.05. All data management and preliminary statistical analyses were performed using SPSS 20 (IBM Corporation, Somers NY, USA) and multilevel analyses were performed in STATA (version 13, StataCorp LP, College Station, TX, USA).
Results
Use of lean tools, innovative learning climate, collective dispersion of ideas, decision latitude and psychological demands differed between the organizations (p <.001) ( Table 2) .
Employees reported a low degree of lean tool use, with the exception of the two private companies, where the highest degree of lean tool use was displayed. In the private industrial 12 company, employees reported a low degree of innovative learning climate, collective dispersion of ideas, and decision latitude. In the private care company, however, where the degree of lean tool use was high, employees also reported a low degree of decision latitude, but a high degree of innovative learning climate and collective dispersion of ideas.
13 were also positively associated with collective dispersion of ideas.
There was a significant interaction effect (p < .001) between the use of lean tools and decision latitude in relation to collective dispersion of ideas. Stratifying the analysis by the degree of decision latitude (high and low, defined by cut-off at the median), the use of lean tools was associated with a higher increase in collective dispersion of ideas (β .27; p < .001)
when there was a low degree of decision latitude, compared to when there was a high degree of decision latitude (β .15; p < .001). There was no significant interaction effect between the use of lean tools and decision latitude in relation to innovative learning climate (p = .873).
Thus the second hypothesis was rejected: a high degree of decision latitude did not enhance the association between the use of lean tools and a) innovative learning climate and b)
collective dispersion of ideas in organizations.
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The empty models, without confounders, showed that 7% of the variance in the innovative learning climate and 4% in the variance in the collective dispersion of ideas were related to organizational factors. 12% of the variance in the innovative learning climate, and 7% of the variance in the collective dispersion of ideas was related to department factorsthat is, variation is likely to depend on variables that differ between departments and organizations.
16 Associations between the specific lean tools and aspects of learning are shown in Table   4 (adjusted for age, gender and education). The use of value flow analysis was associated with a larger increase in both the innovative learning climate (β .28, p < .001) and collective dispersion of ideas (β .23, p < .001). There was a very weak association between resource reduction and an innovative learning climate (β .08, p < .001) and collective dispersion of ideas (β .08, p < .001), which explained no more variance than the empty models do, without covariates. 
Discussion
Lean production is being implemented in all sectors of working life, although little is known about associations with conditions for learning at the workplace. In this study we investigated how the use of tools inspired by lean production was associated with an innovative learning climate and a collective dispersion of ideas in ten Swedish organizations, and whether decision latitude affected these associations.
Employees in all ten organizations reported using tools inspired by lean production to some degree, confirming a widespread use of these working methods, in private and public organizations, as well as production and service organizations. Use of lean tools was found to be positively associated with an innovative learning climate and a collective dispersion of ideas within and between units. Working with these tools facilitated a climate where there were opportunities for employees to think along new lines and test new ideas, and to discuss and share ideas within their work group and between groups in the organization.
Implementation of lean tools may thus facilitate the work process, remove unnecessary steps and tasks, and provide opportunities for employees to participate in problem solving.
Decision latitude, i.e. having opportunities to decide over how to carry out one's work, learn new skills and use the skills one has, was also found to be important for the experience of an innovative learning climate and collective dispersion of ideas. Compared with the use of lean tools, an increase in degree of decision latitude was associated with a larger increase in the degree of an innovative learning climate. It has previously been found that decision latitude is important if employees are to benefit from an innovative learning climate (Fagerlind et al., 2013) .
The associations between the use of lean tools and innovative learning climate and collective dispersion of ideas were not accounted for by decision latitude: the associations changed only marginally when decision latitude was included in the analysis. However, there was a significant interaction effect between the use of lean tools and decision latitude in relation to collective dispersion of ideas. The use of lean tools was associated with more 19 sharing and dispersion of ideas within and between units in the organization when the degree of decision latitude was low, compared to when the degree of decision latitude was high.
When decision latitude is low, the use of lean tools could provide structure and opportunities for discussing and sharing ideas. Standardized work, focus on reduction of "non-value-adding activities" and time pressure has previously been found to reduce employee decision latitude (Landsbergis, 1999; Jackson & Mullarkey, 2000; Parker, 2003; Hasle, 2011; Stewart et al 2013) . The use of lean production tools in situation when the degree of decision latitude is high and there are opportunities to decide over one's work and use the breadth of one's skill, could be interpreted as constraining organizational change (Adler & Borys, 1996) . When the degree of decision latitude is low however, the use of lean tools could increase the opportunities for employees to participate and in engage discussion and sharing ideas, and the use of lean tools could be experienced as an enabling organizational change (Adler & Borys, 1996) . A possible selection should also be considered: the degree of decision latitude is relatively low in the organizations that use lean tools to a high degree, and it is possible that this higher degree of lean tool use explains the increased effect on collective dispersion of ideas. There was no interaction effect found in relation to innovative learning climate.
The present results contradict the suggestions that innovative learning is less likely in lean organizations (Lewis, 2002; Arundel et al., 2007) and show that the use of lean tools can enable an innovative learning climate and collective dispersion of ideas and create an arena for innovative learning in organizations. However, also decision latitude is of importance, and was associated with a higher increase in innovative learning climate than the use of lean tools, however no interaction between a high degree of decision latitude and the use of lean tools was found. Based on the organizations included, "Swedish lean" (Brännmark & Eklund, 2013) does not appear to be characterized by a simultaneously high degree of decision latitude. Decision latitude and use of lean tools could be considered to concern different 20 aspects of the work environment. Decision latitude concerns the individual's experience of authority over his/her own decisions and opportunities for using individual skills, whereas use of lean production tools seems to require teamwork and collective learning to make the production process visible in the organization. Sharing and spreading ideas is not an individual activity (Crossan et al, 1999) . Use of lean production tools may provide opportunities for participation, use of skills and autonomy over decisions at this collective level, which are not captured by decision latitude. For instance, of the tools included in the lean index, the use of value flow analysis was associated with the largest increase in the reported degree of an innovative learning climate and a collective dispersion of ideas. Value flow analysis is a tool where employees map or flow-chart the operations, analyse the value flow and identify actions needed in order to make work flow smoothly. This makes the work process explicit, and the roles and actions of individuals can be understood in a larger organizational context. These are important aspects of an innovative learning climate and collective dispersion of ideas, which facilitate questioning, new thinking, and collective analysis and discussion (Engeström, 2001; Ellström, 2001 ).
An increase in the use of the other lean tools investigated, and especially resource reduction, was associated with a much smaller increase in both the reported innovative learning climate and the collective dispersion of ideas. Resource reduction explains no variance in the outcome compared with the empty model. Reduction of excess time, inventories and buffers is considered to reveal problems in the work process and facilitate improvements (Liker & Morgan, 2006) ; however, it appears to have a minimal positive effect on the innovative learning climate and collective dispersion of ideas. Lean production can be considered a rationalization concept, removing unnecessary actions and material (Westgaard & Winkel, 2010) , and resource reduction is commonly applied (Pettersen, 2009 ). In the two private companies, where employees reported a high degree of lean tool use, there was a 21 difference in the reported innovative learning climate and collective dispersion of ideas.
Employees in the care company used value flow analysis to a high degree and reported a high degree of an innovative learning climate and collective dispersion of ideas, whereas employees in the industrial company reported a lower use of value flow analysis than other tools, and a low degree of an innovative learning climate and collective dispersion of ideas.
While the use of value flow analysis could be considered an example of an enabling formalization (Adler & Borys, 1996) , that encourages employee participation and involvement in problem solving, and stresses learning and innovation, tools such as resource reduction and standardization of the work process could be used as more coercive tools to control the work process.
Although value flow analysis was associated with the largest increase in innovative climate and collective dispersion of ideas, the association between all tools investigated and the outcome was positive and significant. Standardization of the work process could provide an overall known standard and a foundation for improvements, and reduce unnecessary tasks that might otherwise cause strain and hinder involvement in problem solving (Liker & Morgan, 2006) . Visual monitoring and housekeeping could facilitate communication, cooperation and participation within the work group (Liker & Meier, 2006) . However, in previous research, lean production tools such as standardization and especially resource reduction have been found to intensify demands and reduce the degree of decision latitude (Landsbergis, 1999; Jackson & Mullarkey, 2000; Parker, 2003; Hasle, 2011; Stewart et al 2013) . Here, resource reduction concerns reduction of set-up time, lead time, inventories and buffers, and is to be distinguished from reduction of overall resources. 
Strengths and limitations
Despite claims that lean production facilitates learning and continuous improvements (Liker & Meier, 2006; Liker & Morgan, 2006) , few studies have been conducted, and little is still known, of how lean production affects learning and the work environment (Hasle, 2011; Hasle et al., 2012) . This study shows that there is an association between the use of tools inspired by lean production and a climate that enables innovative learning and dispersion of ideas in organizations. The study was based on data comprising employees in 70 departments within ten organizations, likely to be representative of a variety of sectors and occupations.
The design of the study made it possible to match subordinates, their departments and organizations, allowing control for the random effects of departments and organizations. The The Cronbach's alpha for the decision latitude scale is somewhat low, although a value of .67 can still be considered acceptable (Dukes, 2005) . The lower alpha is possibly due to the heterogeneity of the organizations and occupations included, causing employees to respond less systematically to the decision latitude scale.
Self-report method risks self-report bias and common method variance that could cause an overestimation of associations. A possible amelioration to common method variance is that the variables were part of a larger questionnaire with no clear connection between dependent and independent variables, the indexes did not follow directly on each other, and scale points and anchor labels differed between variables, which could reduce common retrieval cues (Podsakoff, MacKenzie, & Podsakoff, 2012) . Concerning the nature of the variables, there are also positive aspects of self-report method. Self-report provides information concerning how employees actually experience principles for work and opportunities for innovative learning. The perception of decision latitude, innovative learning climate and collective dispersion of ideas are subjective, and difficult to measure with other 24 methods. The definition of an organization as "lean" provides little information of what is actually applied on the shop floor: the use of lean tools may also go under the name of local production systems, and managers' perceptions of lean are likely to differ from that of employees' actual use of it (Brännmark et al., 2012) . Specific measurement of lean tools facilitates comparisons with other studies, but this is lacking in previous research on lean production (Brännmark et al., 2012) .
The cross-sectional design of the present study is a limitation: no conclusions concerning causality can be drawn as reversed causality concerning of the associations cannot be excluded. Innovative learning climate and collective dispersion of ideas might facilitate the use of lean production tools and explain the positive association.
Conclusions
The present study shows that use of lean tools is associated with an innovative learning climate and collective dispersion of ideas. A good learning climate and encouragement of dispersion of ideas is important in order to facilitate development of the work process in organizations. In this study, value flow analysis was a lean tool that played a pivotal role.
Value flow analysis seems to enable employees to collectively analyse and question the work process, to come together around a shared understanding of what can be done to reduce unnecessary steps and ensure that the product flows smoothly through the work process. Also decision latitude was important for the experience of job resources such as an innovative learning climate and collective dispersion of ideas at work. The use of lean tools can be experienced as more enabling for sharing ideas when decision latitude is low compared to when high. The results of the present study have implications for the organization of work, and for enabling innovative learning and development in organizations. Both decision latitude and an innovative learning climate are job resources that also help individuals to handle 25 challenges at work with sufficient skills, and facilitate well-being (Bakker & Demerouti, 2007; Fagerlind et al., 2013) .
